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ATTORNEY DOCKET NO. 23016.0002 
EXPRESS MAIL NO. EL211202857US 
PATENT APPLICATION 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re Application of: 

Wynick, David 

Serial Number: Unassigned 
Filed: January 22, 1999 
For: "GALANIN" 



Group Art Unit: Unassigned 



PRELIMINARY AMENDMENT 



Assistant Commissioner for Patents 
Washington, D.C. 20231 



NEEDLE & ROSENBERG, P.C. 
Suite 1200, The Candler Building 
127 Peachtree Street, N.E. 
Atlanta, Georgia 30303-1811 



January 22, 1999 



Sir: 

Prior to the examination of this application. Applicant respectftilly requests entry of the 
following amendments: 
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ATTORNEY DOCKET NO. 23016.0002 
EXPRESS MAIL NO. EL211202857US 
PATENT APPLICATION 

IN THE CLAIMS 

Please amend claim 8 to read as follows: 

8. (Amended) The [A] mammal of [according to] claim 7 , wherein [in which] the galanin gene has 
been inactivated. 

Please amend claim 9 to read as follows: 

9. (Amended) Hie [A] mammal of [according to] claim [7 or] 8 . wherein [in which] the galanin gene 
has been inactivated by at least partial deletion. 

Please amend claim 10 to read as follows: 

10. (Amended) The [A] mammal of [according to] claim 9 . wherein the partial deletion [in which 
the portion] of the galanin gene occurs between the BamKl and Bglll restriction sites designated 
'Exons 1-5' in [Fig.] Figure 3^ [has been deleted]. 

Please amend claim 1 1 to read as follows: 

11. (Amended) The [A] mammal ol[according to any of] claim[s 7 to 10 which] 7, 8. 9. or 10 
wherein the mammal is a rodent. 

Please amend claim 12 to read as follows: 

12. (Amended) The [A] rodent [according to] of claim 1 1 [which] wherein the rodent is a mouse. 
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ATTORNEY DOCKET NO. 23016,0002 
EXPRESS MAIL NO. EL211202857US 
PATENT APPLICATION 

Please amend claim 13 to read as follows: 

13. (Amended) Tissue, cells and cell lines derived from ^ [a] mammal I rodent or mouse 
according to any of claims 7 to 12] of claim 7. 8. 9. 10. or 1 1 or the rodent of claim 12 . 

Please amend claim 15 to read as follows: 

15. (Amended) [The] Use of Ae [a] mammal [, rodent or mouse according to any one] of claim[s 7 
to 12 or the tissue cells and cell lines according to claim 13 or 14] 7. 8. 9. 10, or 1 1 or the rodent of 
claim 12 in an assay to determine a biological effect of galanin. 

Please add the following new claim: 

-- 1 7. Use of the tissue, cells and cell lines of claim 1 3 in an assay to determine a biological effect 
of galanin..-- 

Claims 1-16 are currently pending in the application. Claims 8, 9, 10 and 12 have been 
amended to place them in proper format. Claims 1 1 , 1 3, and 1 5 have been amended to place them 
in proper multiple dependent claim format. Support for new claim 17 is found in claim 15 as 
originally filed and throughout the specification. No new matter is added by these amendments. 
Applicants await action on the merits. 
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ATTORNEY DOCKET NO. 23016.0002 
EXPRESS MAIL NO. EL211202857US 
PATENT APPLICATION 



It is believed ttiat no fee is due. However, the Commissioner is hereby authorized to charge 
any deficiency to Deposit Account No. 14-0629. 



NEEDLE & ROSENBERG, P.C. 
Suite 1200, The Candler Building 
127 Peachtree Street, N.E. 
Atlanta, Georgia 30303-1811 
(404) 688-0770 



I hereby certify that this correspondence is being deposited with the United States Postal Service as Express Mail No EL21 1202857US ii 
an envelope addressed to: Assistant Commissioner for Patents, Washington, DC 2023 1 , on this the 22""" day of January, 1999. 



Respectfully submitted, 
NEEDLE & ROSENBERG, P.C. 




Janice A. KimpeP / 
Registration No. 42,734 



Express Mail No. EL211202857US 



Certificate Of Mailing 
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WO 98/03059 ' - PCT/GB97/01991 



GALANIN 



This invention relates to galanin, including analogues thereof and its uses, 

Galanin is a 29 amino acid neuropeptide which was first isolated from porcine intestine in 
1983. Subsequently, the cDNA for galanin was cloned from a rat anterior pituitary library 
in 1987. Nucleotide and amino-acid sequence analysis suggests that galanin is unrelated to 
any of the other known families of regulatory peptides, and remains the only member of its 
family. The N-terminal portion of galanin is highly conserved between species, there being 
variation in the C-terminal portion. 



19 



Galanin has a widespread distribution in the peripheral and central nervous systems, gut 
and pancreas. It is found in highest levels in the median eminence of hypothalamus and in 
the pituitary 

W092/ 12997 (General Hospital Corporation), published in 1992, discloses the sequence 
of human galanin. There is a discussion of studies by other workers involving the 
administration of rat galanin or its N-terminal fragments to augment the effect of morphine 
and this patent application suggests that galanin can be expected to exhibit analgesic 
effects such that it may be administered alone or in combination with other analgesics. 
The application claims the use of galanin or its analogues in the treatment of pain and the 
use of galanin antagonists in the treatment of certain other conditions. 

WO92/20709 (A.stra AB) discloses a number of putative galanin antagonists. The 
antagonists which are described are all based on the first 12 amino acids of galanin 
followed by partial sequences of other peptides i.e. chimeric peptides. Some may be 
agonists, some antagonists and some may be both depending on the receptor subtype. The 
application discloses that the antagonists may be useful for treatment of insulin-, growth 
hormone-, acetyl choline-, dopamine-, Substance P-, Somatostatin-, and 
noradrenaline-related conditions including endocrinology, food intake, neurology and 
psychiatry, Alzheimer's type dementia, analgesia, intestinal disease. The application 
discloses the results of studies using some of the antagonists described therein on various 



2 

effects such as galanin inhit»ition of glucose stimulated initulln release; galanin induced 
inhibition of scopolamine induced ACh hippocampal rele;ise; galanin induced facilitation 
of the flexor reflex; the displacement of bound iodinated galanin in membrane binding 
studies. There is a suggestion in the application that the antagonists may be indicated for 
analgesia but there is no disclosure in the plication of results to this effect. 



from 



m 



Approximately 2-4% of the Western population suffer 
people ,10-15% suffer from chronic pain and numbness 
*'painful neuropathy". Present techniques for management 
inadequate. 



Alzheimer's disease is a major cause of morbidity world\4^ide 
characterised by loss of memory and personality changes 
major decrease in the number of cholinergic nerves in the 
hippocampus, which are the main area of the brain thougii 
Previous work has shown that galanin is also expressed iii 
the levels of galanin are two fold elevated in the brains of 
disease. 



invention relates to rhe 
germ-line mutation of the galanin 
the mouse genome utilising 



The present invention relates to the generation of a mouse with targeted disruption of the 
galanin gene; experiments using the mouse, and the impli::ation of the results of those 
experiments for the urcamicnt of disease. In particular, thi 
generacion of a mutant mouse carrying a loss-of-function 
locus. The inactivating mutation has been introduced into 

targeted. mutagenc5ij& in embryonic stem cells by homologous rooombination. The 
mutation, when bred to homozygosity on the inbred I29sv background, affects feeding 
behaviour, lactation and pain sensitivity. The mutation may also affect memory and 
behaviour, sexual reproduction and fertility and insulin secretion with resultant changes in 
circulating blood glucose levels. 



diabetes mellitus and, of those 
their extremities-termed 
of painful neuropathy are 



the disease being 
At an anatomical level there is a 
basal forebrain and 
t to process and store memories, 
these hippocampal nerves and 
patiencs with Alzheimer's 



According to first aspect of the invention there is provided 
the preparation of a medicament for the treatment of nervi; 



the use of a galanin agonist in 
damage. 



AMENDED SHEET 



According to a second aspect of the inventioTi there is prov 
preferably repairing, nerve damage in a subject comprising 
galanin agonist. 



ded a method of healing, 
administering to the subject a 



According to another aspect of the invention there is provided 
of Alzheimer's disease, the methcxl comprising administering 



a method of treatment 
a galanin agonist to a subject. 



In a further aspect of the invention, cbere is provided a method of improving memory, 
enhancing memory and improving cognitive function, comprising administering a gaJanan 
agonist to a subject. Advantageously, such treatment may be used in the treatment of 
restoring memory after injury, trauma or in Alzheimer's disease. 

n\e invention further provides galanin agoaists suitable f^r use in the treatment of 
Alzheimer's disease and in the improvement of memor>' 2nd cognitive function. Also, the 
invention provides the use of a galanin agonist in the preparation of a medicament for the 
treatment of Alzheimer's disease and related diseases and ( 
msmor>' and cognitive function. 



conditions, and in enhancing 



According to a fiirther aspect of the invention there is profvided a mammal, preferably a 
rodent, which lacks a functional galanin gene. The term *'galanin'' embraces all known 
galanlns including, for example, human, rat, murine and porcine galanin and also analogues 
of galanin having the biological activity of galanin. The galanin gene may have been 
inacnvated by ar least panial deletion of the galanin gene sequence berween the Bam HI 
asid Bgl2 restriction sitcSj designated 'Exons 1-5' in the accompanying FI^. 3. Where the 
mammal is a rodent, it is preferably a mouse. Other mammals sxich as sheep and rats are 
contemplated. 



According to another aspect of the invention there is provided tissue, cells and cell lines 
derived from Che mammal in accordance with the first aspect of the invention. Preferably, 
the dssue, cells or cell hnes include cells from pancreas, 
ganglia, or are derived from such cells. 



pituitary, cortex, dorsal root 
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The mammal or tissue, cells and cell lines of the invention may be used in an assay to scudy 
one cr more biological effects of galanin. The biological effect may be selected from, for 
example, prolactin secretion, appetite, memory, behaviour, [pain, autocomy following 
axotomy, growth or the repair of nerve damage. 

Embodiments of the invention will now be described, by v^ay of example only, with 
reference to the accompanying drawings Figures 1 to 16 in 



Fig. 1 illustrates the genomic structure of mouse galanin; 



Fig. 2 illustrates the targeting vector used in producing the 



which: 



rodent of the invention; 



Fig. 3 illuiitrates the specific recomfamation event in the pijoducdon of the rodent in 
accordance with the invention; 

Fig. 4 illustrates the genotype of the progeny determined losing Southern blotting and by 
PCR demonstrating identical results from the same litter q^rived from a mating of two 
heterozygote animals; 



term regeneraaon of sensory 



Fig. 5 iliustrates the effect of galanm inactivation on shor: 
neurons; 



Fig. 6 illustrates the effex:t of gaianin inactivation on lonsj term regeneration of sensory 

neurons; j 

j 

Fig 7 illustrates expression of an exon 6-specific ribopro^e to study the distribution of 
galaninergic neurons in the brain and dorsal root ganglion of wildt}'pe and mutant mice; 



Fig 8 illustrates the effects of galanin inactivation on the 



generation of long term 



potentiation in the stratum radiatum area of the hippocampus; and 
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Fig 9 illustrates the effects of galauin inacdvation on the generation of long tciro 
potentiation in the stratum oriens area of the hippocampus. 



To generate a mouse knockout, that is the introduction into 



loss- or gain-of -function mutation of a specific gene locus ( according to the procedure 



described in Kuchn, M, R. ei al Nanire, 1987; 326: 295-8: 



the mouse genome of either a 



Thomas, K. R, and Capecchi, M. 



R. Namxe, 1986; 324: 34-8) » entails a number of steps:- (1) the cloning of the naouse 
genomic locus of interest; (2) the construction of a targeting vector such that the locus/gene 
of interest is modified to inactivace or aluer its structure and function in some way; (3) 
introduction of the targeting vector into an embr>'onic stem cell library and selection and 
Ldentification of single cell clones in whom the appropriatl correct targeting event has 
taken place and in whom the normal chromosomal numbep is unchanged; and (4) 
introduction of such clones into 3.5 day oid blastocysts ank the resulting chimeric mice 
mated :o wild types of the opposite sex. The resulting offering demonstrated to carry the 
mutation are thus hecerozygotes and, by appropriate matii^g, homozygotes for the 
introduced mutation are bred. 

As a first step the murine galanin gene was cloned. A mobse genomic library (Ehrich, et 
al Gene, 1987; 57: 229-37) was screened using the full length rat galanin cDNA as a probe 
under high stringency. Two cosmid clones were identified spanning 60Kb around the 

galanm locus. Using 5" and 3' probes from the rai cDNA i 14 Kb region of DNA containing 

I * 
Che encire gene was subcloned and partially sequenced. Ftorn the genomic sequence, 

primers were designed complementary to untranslated exbnic regions of the gene. A 630bp 

fragmenc was generated by RT-PCR (Kit supplied by LNVrtROGEN B V, The 

Netherlands) using adult female whole brain as a source of mRNA. Subsequent sequencing 

01 this fragment demonstrated that mouse and rat galanin are 100% ideniical at the protein 

level and 94.8% at the nucleotide level. The genomic structure of the mouse gene (Fig. I) 



is identical to that of fee rat gene. The gene spans 4.8Kb 
translation start site (AUG) starts at the first base of cxor 

galanin extends across cxons three and four with the sioij codon (UGA) in the middle of 
exon six. 



and consists of six exons. The 
two, the coding region for 
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Using the 14Kb subclone described above, a positive/negaiive selection targeting vector 



was constructed (Fig. 2). The mutation introduced remove! i 
the entire coding region of the galanin peptide (Fig. 3), 



the first five exons containing 



In Fig. 3; A and B are the sites of the external probes useq to screen the ES cells for the 
appropriate integration of the construct. 



Neo - neomycin resistance gene 

HS V-TK= herpes simplex virus thymidine kinase gene 



B ^ BamBl 
X=Xhol 



of DNA and thus removes the 
the stretch of DNA removed are 



In particular, the targeting vector removes a 3.2Kb stretch 
first 5 exons of the galanin gene. The exact sites flanking 
5' - the Bam HI site lObp downstream from the transcriptional start site and the 3* site is 
Che Bgl2 site in the middle of intron 5. These sites arc indicated with asterisks in Fig, 3. 
Other sites ±at could be used are the same 5' site and a differing 3* Xhol site in intron 4 
which would remove only 2,9Kb of DNA and thus remove only first 4 exons. 



EI4 



This vector was linearised and electrcporated into the 
(Hooper, M. etal Nature, 1987; 326: 292-5). Restriction 
with BglU generates a 9.3Kb fragment when probed with 
Fig 3), whilst the correctly targeted locus generates a 4,4 
were identified in which one allele of the galanin gene 
homologous recombination among 209 double resistant 
frequency of 4.3%. Hiese nine clones were karyotyped. 



mbryonic stem-cell (ES) line 
mapping of the wildtype locus 
a S external probe (marked A, 
Kb fragment. In total, 9 clones 
correctly targeted by 
dolonies yielding a targeting 
confirming euploidy, and injected 
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line 



into 3.5 day old blastocysts from C57BL/6 mice. Germ 
galanin locus was obtained from three separate ES cell 
was detennined using Southern blotting and by PGR (Fig 
obtained by Southem blotting and PGR screening on the 
of two hcterozygotcs). The mutation has been bred to 
strain and all data presented is from mice on this background. 



transmission of the disrupted 
. Genotype of the progeny 
4 demonstrates identical results 
^ame litter derived from a mating 
homozygosity on the in-bred 129sv 



1. Results of genotype analysis of live binhs are in tiqie expected ratio predicted by 
Mendelian genetics and the sex ratio is 1: 1. Galanin levels were measured by 
radioimmunoassay and immunocjtochemistry in areas prt^viously demonstrated to express 
galanin at high levels and include brain, pituitary, spinal cord, dorsal root ganglion, 
stomach, small intestine and uterus, Galanin levels in hetjerozygotcs for the deletion were 
50% of wild type controls whilst Galanin levels in the ho^ozygotes for the deletion were 
undetectable in all cases. 



A comparision of levels of galanin expression between w 
mice in several body tissues is shown in Table 1 . 



Table 1 



Id type, heterozygote and mutant 





Cortex 


Hypothal- 
amus 


Anterior 
Pituitary 


Stomach 

1 


Duodenum 


Ileum 


+/+ 


5.78±0.3 


110.34±7.81 


0.42±0.07 


2' 




122.90±11.6 
0 


267.43 
±13.46 




2.91±0.2 

I 


53.82±3.76 


O.21±0.04 




3.8±0.83 


68.36±5.67 


125.87 
±7.55 


-/- 


UD 


UD 


UD 




UD 


UD 


UD 



All values are mean galamn-LI praoUg ± SEM, other than 
which is expressed as pmol/gland ± SEM. XJD=Undetectable 



the fenaale anterior pituitary 
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It will be seen that galanin was not detected in any of the 
mutant moxise, and decreased by 50% in the heterozygous 



i|issues tested in the homozrygous 
mutant mouse. 



2. The regenerative abilities of sensory axons in the s< viatic nerve were directly 
measured by the pinch test (Danielsen> N., Kems, J.M-, HDlmquist, B., Zhao, Q., 
Lundborg, G. & Kanje, M. Brain Res. 681, 105-108 199.5). Following nerve crush, 
sensory axons regenerate into the distal nerve and can be sitimulated by a subsequent nerve 
pinch, which ehcits a reflex abdominal motor response. The foremost regenerating axons 
are located by pinching consecutive segments of the nerv^ in a distal to proximaldirection 
until a reflex is observed and the distance from the nerve crush can be calculated- 
Regeneration showed a statistically significant reduction of 30-40% in homozygotes 
compared to wild t>pe mice at 2, 4 and 6 days after nerve 

intermediate in heterozygous mice but was sdll significantly different from wild type 
animals. 



To test whether the reduced rate of regeneration in galanin-deficient mice affects functional 
reco\-ery after a crush injury, we tested a behavioural conelate of regeneration using the toe 
spreading index (Hoogeveen, J,F., Van Der Kracht, A.H., Wondergem, J., Gonzalez 
Gonzalez, D. & Haveman, J. Neurotoxicology. 14, 1-7 
their hind feet upon contact with a solid surface, a i-esponse which requires sensory 
innervation. Toe spreading is, therefore, lost after axotomy until sensory axon 
re-innervation occurs. The toe spreading distance was measured for 6 weeks after unilateral 
right sciatic nerve crash and compared to the mtact concralaterai Qeft) foot. Whilst toe 
spreading in wild-type mice returned to normal within 3 weeks of sciatic nerve crush, 
functional regeneration was still incomplete at six weeks jin the mutant mice (Fig 6) 

3. The decreased regeneration and autotomy in the galanin-deficient mice might be 
related to the death of neurons following axotomy, especially those neurons which would 
normally express galanin after injury. To test whether galanin is essential for the survival of 
neurons during development, we studied the distribution of galaninergic neurons in wild 
type and mutant mice. Since we were unable to visualise :he galaninergic neurons in the 
mutant animals at the protein level we studied expressior^ of ±e mRNA using a riboprobe 



specifi' 



specific for exon $i)c (marked B, see Figure 3). In order to 
populations of galanin expressing neurons, the exon 6- 
visualise galaninergic neurons in the hippocampus and the 
hypothalamus of adult wild-type and mutant mice (Fig 7). 
were observed between the groups suggesting that neuronil 
these animals and not galanin dependent. 



confirm the survival of other 

,c riboprobe was used to 
paraventricular nucleus of the 
No differences in expression 
development are normal in 



We went on to use the exon 6-specijfic riboprobe to study ijhe distribution of galaninergic 
neurons in the DRG two weeks after sciatic nerve axotomy . A marked up-regulation in the 
levels and number of cells expressing galanin was observe'd in the DRG neurons of wild 



type mice Fig 7). However, there was no expression in the 



homozygous galanin- deficient 



mice, suggesting that galanin is required for diese cells to !;urvive axotomv. 

These results relating to regeneration and cell sunival are :;?aniciilariy significant in that the 
results indicate thai galanin gene is the first gene to affect regeneration of the peripheral 
nervous system. 

Accordingly, the invention contemplates the use of a galanin agonist in the treatment of 
peripheral sensory neuropathy resulting, for example, fromj diabetes meilitus or trauma 
(such as that caused by traffic accidents). j 



4. Galanin has been implicated in the aetiology of Alzheimer's disease. Hippocampal 
galanin expression is increased in cholinergic neurones as 2cec>'lchoiine and choline acetyl 
transferase (ChAT) levels fall. Administration of galanin d«;creases learning behaviour in a 
number of mouse models^ the converse is also true when galanin antagonists are infused. 
We measured long term potentiation (LTP) in wild type ani mutant mice. LTP is an 
electrophysiological test where specific nerves in the hippocampus are stimulated by an 
electric shock: Davies CH, Collingridge GL. J. PhysioL LoAd. 1996;496: 451-470; Davies 
CK Starkey SJ, PozzaMF, ColJingridge GL. GABANatur.^ 1991:349:609-611. This 
procedure is done in-'Vitro using brain slices from recently killed animals. Results show that 
LTP is decreased by 50% in the stratum oriens at the 80 miiiute time point in the mutants 
compared to wild-rype mice (Fi£ 9 A vs C). In contrast no difference was fcutxid in LTP 
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measured in the stratum radiatum. Galanin is found at hig 
NOT in the stratum radiatum. Our data, thus far, demonst 
mutants implying a decrease in memory and cognition - t^sts to assess these function are 
being conducted. These data show that a galanin agonist i^ useful in die treatment of 
AJrheimer's disease and associated memory lo&s with an enhancement in memory and 



1 levels in the stratum oriens but 
ates a decrease in LTP in the 



cognition. 
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Qaims 

L The use of a galanin agonist in the preparation of a 
nerve damage. 



medicamcm for the treatment of 



2. A method of creating ner\-e damage in a mammai cc^mprising administering a galanin 
agonist to that mammal. 

3- A method of treating Alzheimer's disease comprising adiranistering a galanin agonist 
to a subject. 



4. The use of a gaJanin agonist in the preparation of a 
Alzheimer's disease. 



raedicament for the treatment of 



5. A method of improving memory, enhancing mennory functions and improving 
cognitive function, the method comprising administerii|g a galanm agonist to a subject. 

6. The use of a gaianin agonist in the preparation of a medicament for improving memory 
and other cognitive fnncrions. 



7. A transgenic or other genetically modified mammal 
aene. 



hich lacks a functional galanin 



S. A mammal according to claim 7 in which the galanin ge!ne has been inactivated. 



9. A mammal according to claim 7 or 8 in ^vhich the gaianip gene has been inactivated by 
at least partial deletion. 



10, A mammal according to claim 9 in which the portion of ifae galanin gene between the 



Bamm and Bgill restriction sites designated *Exons 1-5' 



in Fig. 3 has been deleted. 



1 L A mamma] according to any of claims 7 to 10 which is a rodent. 



12. A rodent according to claim 1 1 which is a mouse. 



AMENDED SHEET 
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13. Tissue, cells and cell lines derived from a mammal, rodent or mouse according to any 
of claims 7 to 12. 



14. Tissue, cells or cell lines according to claim 13 which 
cortex, dorsal root ganglia or are derived from such ce 



1 5, The use of a maimnal, rodent or mouse according to ai. 
ceils and ceil lines according to claim 13 or 14 in an 
effect of galanin. 



16. The use according to claim 15 in which the biological effect is selected from diabetes 
and insulin secretion, appetite, growth hormone effects!, lactation, prolactin over 
secretion, pain sensitivity, memory, behaviour, sexual reproduction and fertility. 



;ire cells from pancreas, pituitaiy. 
Is. 



y one of claims 7 to 12 or tissue 
to determine a biological 



assay 



'AMENDED SHEET 



GENOMIC STRUCfTURE 
mGAL 



AUG 



Galanin 



UGA 




1 Kb 



Fiq i. 



AiMENDED SHEET 



TARGETING VECTOR 

I 

Exons 1-5 Galanin 



i 



homologous 
recombination 

^ Galanin- 



^^AENDEO SHEET 
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